Various portals have been developed to provide an easy way to discover and access public research data sets from various organizations. Data sets are made available with descriptive metadata based on common (e.g., OGC, CUAHSI, FGDC, INSPIRE, ISO, Dublin Core) or proprietary standards to facilitate better understanding and use of the data sets. Provenance descriptions may be included as part of the metadata and are specified from a data provider's perspective. These can include, for example, different entities and activities involved in a data creation flow, such as sensing platforms, personnel, and data calculation and transformation processes. Moving beyond the provider-centric descriptions, data provenance may be complemented with forward provenance records supplied by data consumers. The records may be gathered via a user-driven feedback approach. The feedback information from data consumers gives valuable insights into application and assessment of published data sets. This might include descriptions about a scientific analysis in which the data sets were used, the corrected version of an actual data set or any discovered issues and suggestions concerning the quality of the published data sets. Data providers might then use this information to handle erroneous data and improve existing metadata, their data collection and processing methods. Contributors can use the feedback channel to share their scientific analyses. Data consumers can learn more about data sets based on other people's experiences, and potentially save time by avoiding the need for interpreting or cleaning data sets. The goals of the study are to capture feedback from data users on published research data sets, link this to actual data sets, and finally support search and discovery of research data using feedback information. This paper reports preliminary results addressing the goals. We provide a summary of current practices on gathering feedback from end-users on research data portals, and discuss their relevance and limitations. Examples from the Earth Science domain on how commentaries from data users might be useful in practice are also included. Then, we present a data model representing key aspects of user feedback. We propose a system architecture to gather and manage feedback from end-users. We describe how the core PROV model may be used to represent the provenance of user feedback information. Technical solutions for linking feedback to existing data portals are also specified.
INTRODUCTION
Numerous collections of research data are available through public repositories on the Web, such as data sets hosted on Australian National Data Service 1 , Canada Open Data 2 , Data.gov.au 3 and Socrata OpenData 4 . Research data should be made available with relevant metadata to enable a better understanding of the data, and to facilitate data sharing and re-use. Provenance (also known as lineage) is a type of metadata that describes the entities and processes "involved in producing and delivering or otherwise influencing" a data set (Belhajjame et al., 2012) . Scientists often require relevant information in order to better interpret and apply long term and unfamiliar research data in their applications. In this context, the provenance of research data has been perceived as essential, as "from it, one can ascertain the quality of the data based on its ancestral data and derivations, track back sources of errors [...]" (Simmhan et al., 2005, our emphasis) . This importance has been addressed on several occasions, and various treatments of provenance associated with the quality of scientific data sets have been proposed. For a survey of related approaches and applications, see Simmhan et al. (2005) ; Glavic and Dittrich (2007) ; Freire et al. (2008) ; Moreau (2010) . While we agree on the role for provenance in data quality assessment, the reality is that information, that is required to support these treatments, is insufficient. Providers usually describe how the data sets conform to their own product specifications, and the descriptions provided are rudimentary. Further, provenance records specified by providers are primarily focused on data creation, such as the source data, instrument, and transformation method associated with the creation of a published data set.
Forward provenance 5 focuses on how a resource is used after it has been created. We argue that moving beyond the provider-centric provenance information, research data should be made available with forward provenance records from users. These records may be obtained via a user-driven feedback approach. According to the Oxford English Dictionary, feedback refers to "information about reactions to a product, a person's performance of a task, etc. which is used as a basis for improvement" 6 . In the context of research data, examples of user feedback are comments, suggestions, content requests, usage and evaluation reports. Note that not all user feedback records are classified as forward provenance information. Examples of forward provenance records are applications and evaluations that users express with regard to published research data sets.
Motivation
Why does user feedback information matter in the context of research data? Provider-centric provenance metadata might give some basic guidance that would support the user's assessment of data fitness, for example to identify the source and methods involved in data creation. However, feedback information from data consumers gives a better insight into application and assessment of published data sets, such as the descriptions about a scientific analysis in which data sets were used, any issues related to the quality of the published data sets, corrections to data sets, related publications and users providing feedback. Figure 1 shows an example of corrected groundwater chemistry data sets provided by the Geological Survey of South Australia and correction notes produced by researchers (Gray and Bardwell, 2015) . Linking the corrected data sets and the supporting documents to the existing data repository 7 can improve the re-usability of the data, reduce the duplication of effort in data handling, and potentially stimulate collaborations among researchers working in similar domains. Data providers can use the feedback information from users to handle erroneous data and improve their data collection and processing methods. For example, an issue tracking component installed as part of the Terrestrial Environmental Observatories (TERENO) data portal 8 is used by TERENO members to report any problems or issues related to data sets made available through the portal. The feedback information from the users is consulted by the data management team to handle erroneous data and improve the existing data processing and inspection methods (Devaraju et al., 2015) .
In the context of research data, to the best of the authors' knowledge, little progress has been made to gather and exploit users' views on published data sets. Table 1 shows a list of research data portals in Australia and features available on the portals to elicit feedback on published data sets from end-users. Some portals offer research data sets covering a wide range of disciplines (e.g., RDA and CSIRO), while others are domain-specific (e.g., AODN, ALA and OzFlux). Most of the portals include email links and general contact forms. These feedback mechanisms are too simplistic and can lose vital context. Further, the commentaries from end users are rarely published. There are some portals that support on-line forums (e.g., the AODN's help forum 9 based on Drupal) and customer feedback service (e.g., the UserVoice service used by ALA). These are great ways to engage with end-users, and the details contributed by data users can be preserved for future use. Despite these advantages, at the present time, the feedback information is not explicitly linked to the source data or the existing metadata, and thereby cannot be discovered easily by other users interested in the same data set.
In the Earth Science domain, there are several data models addressing different aspects of user feedback. Some of the models are too simplistic as they lack key aspects required to represent feedback information, while others are either provider-centric or too complex. The ISO 19115 10 standard has been widely adopted for geographic data discovery, but only includes one concept (e.g., MD Usage) for reporting data usage. ISO 19157 11 focuses on expressing quantitative measures of data quality; only one quality element, DQ UsabilityElement, can be used to specify the suitability of a data set to requirements set by a data provider. A very closely related work is that by the GeoViQua project (Yang et al., 2013) , which focused on the quality information of data sets in the Global Earth Observation System of Systems (GEOSS). The project has developed two data models -the User Quality Model (UQM) represents the users' perspective on data quality, whereas the Producer Quality Model (PQM) focuses on the providers' view of data quality. The UQM includes a comprehensive set of mechanisms for recording feedback, but is complex. The data model is based on predefined data structure as it incorporates concepts and relationships from ISO 19115 and 19157 standards. Further, a number of concepts in the model have not been clarified, e.g., distinction between different types of target, and the difference between itemUnderReview and FeebackTarget. The data model we developed is based on UQM and shares some similarities with it, but simplifies it to allow wider adoption of the model (see subsection 2.1). 
Goals and Scope
The goals of the study are to capture user feedback on published research data and then link these to actual data sets, and finally to support search and discovery of research data with this feedback information. In this paper, we report preliminary results to achieve the goals. We present a data model representing key aspects of user A. Devaraju and J. Klump, Capturing Data Provenance With A User-Driven Feedback Approach feedback (subsection 2.1). We illustrate a high level architecture of a system to gather and manage feedback information from data consumers (subsection 2.2). We demonstrate the application of the core PROV model to represent the provenance of user feedback information (subsection 2.3). Section 3 concludes the paper with some directions for future work. 19 Urban settlements Email link for general inquiries, Social media buttons for distribute the link of a data set.
PRELIMINARY RESULTS OBTAINED
This section includes a description of the data model representing key aspects of user feedback and the architecture of a system to facilitate the capture and access of feedback data from users. Figure 2 shows the relational data model to capture user feedback information. A collection of feedback comprises one or more feedback items. A feedback item can be described in terms of who, what, when, where and why it is reported by a data user. A collection is targeted at one or more data sets. Any data sets with a Uniform Resource Identifier (URI) can be a valid feedback target. A target data set may be associated with context descriptions, e.g., related data portal and data creation information. Several tables have been developed to populate controlled vocabularies, e.g., target types, feedback status and feedback types. The feedback types indicates the possible intentions of a data consumer to provide feedback, and these are compiled from existing literature (Schneider, 2011; Morales-Ramirez et al., 2014; Pagano and Maalej, 2013) on feedback from software users. Examples are comment (recommendations and references to other related sources), requirement (new feature and content request, shortcomings and discovered issues), clarification request, rating and user experience. Supplementary files refer to additional documents supporting feedback from users.
User Feedback Representation
There are some similarities between our data model and the GeoViQua's UQM. For example, the grouping of feedback items into a collection and the relation between a feedback item and its contributor. Nevertheless, our model differs from UQM in several aspects. The UQM is designed using a class-based modeling, whereas we have developed a relational model to represent the feedback concepts. We propose a Linked Data approach to publish the feedback information so that it can be shared between different sources (see subsection 2.2). In UQM, some attributes of the classes are restricted to the concepts defined in PQM 20 . We do not impose such restrictions in our model. UQM allows many different options and one-to-many relations between feedback item and its related classes, e.g., UserComment, Rating, and UsageReport. We have simplified this by treating them as feedback types. The feedback item table can be extended with additional tables to include the user rating support for datasets if required. Further, in our approach, the relation between a feedback and its targets have also been clarified. One aspect covered by the UQM that is not fully specified in our model is the summary of feedback data (e.g., tagCount, domainUsageCount, numberOfPublications and numberOfRatings.)
A. Devaraju and J. Klump, Capturing Data Provenance With A User-Driven Feedback Approach Figure 2 . The entity-relationship diagram of user feedback using Crow's Foot notation.
Our data model only specifies a number of instances of feedback and the latest feedback for each feedback collection. Figure 3 shows the system architecture of the feedback system. Users contribute feedback via a JavaScript browser plug-in. The plug-in is designed after the ivoviz open-source project 21 . The OAuth 22 framework handles authentication of external users. The CSIRO's active directory is used to authenticate and access information about internal users. The RESTful Web Service retrieves, creates and updates feedback data. The service's requests and responses are specified in JSON notation as it is easy to load and process the data structure within the JavaScript plug-in. Feedback records are stored in a database implemented in MySQL. The D2RQ 23 platform converts records into Resource Description Framework (RDF) graph data format.
System Architecture

Provenance of User Feedback Information
Feedback records can be shared in a flexible and extensible manner across the Web by adopting the Linked Data approach. The records may be published using several existing specifications, e.g., Dublin Core Metadata Terms 24 and W3C Provenance Ontology (PROV-O) 25 OWL2 Web Ontology Language. The provenance ontology is useful to clarify the contributor (prov:Agent), the target data set (prov:Entity), the feedback activity and its outcomes (prov:Entity). Figure 4 illustrates an error report activity that generated feedback details (e.g., correction notes) of a published data set (dataset1). The dataset2, a corrected version of the published data set, is the related source from which the feedback details were derived.
DISCUSSIONS AND CONCLUSIONS
In this paper, we presented a user-centric approach to capture forward provenance information, e.g., application and assessment of published data sets. This structured information may help data producers to enhance the quality of their data. We contrasted this against the provider-centric approaches which focus on data creation and release. We described a data model representing key aspects of user feedback and proposed a system architecture to gather, manage and publish feedback information from data users. The data model is kept at a sufficiently general level to apply it to different use cases. Although the feedback mechanism focuses on datasets, it can be applied to an instrument, a specimen or a project with an identifier. The system architecture provides new capabilities in terms of gathering, managing and publishing user feedback information, by combining a number of open-source technologies. The potential benefit of publishing the feedback records as Linked Data is the interoperability with other systems on the Web. The provenance of feedback information is addressed by incorporating PROV-O concepts.
Our ongoing work focuses on implementing the feedback service and the plug-in, and testing them with the CSIRO data access portal. The proposed feedback model will also be extended based on the database schema 26 of the JIRA issue tracking system to capture change history and priority levels of feedback. Moderation of feedback information is important, but is not our primary concern at this stage of development. Moderation capability will be added into the system when there are sufficient instances of feedback gathered from endusers.
An important aspect in developing the feedback system is identifying usability features that motivate feedback contributors. We are currently exploring approaches in social media (e.g., up-voting and down-voting, point scoring and sharing buttons) to design a system that will encourage users to contribute their views on published datasets. Minimizing required inputs, handling possible errors and offering privacy controls are also vital to improve the user experience.
